Background: Improved quality of life (QOL) is a purported benefit of exercise, but few randomized controlled trials and no dose-response trials have been conducted to examine this assertion.
A SEDENTARY LIFESTYLE IS A r i s k f a c t o r f o r m a n y chronic conditions, including diabetes mellitus, heart disease, stroke, and certain types of cancers. [1] [2] [3] [4] [5] [6] Regular physical activity and higher levels of cardiorespiratory fitness are associated with lower risk for premature mortality, and exercise training has been demonstrated to improve a number of important risk factors, such as cardiorespiratory fitness, 7 weight, high-density lipoprotein cholesterol level, and fasting insulin level. 8 Although mood, level of functioning, energy level, and other measures of quality of life (QOL) are purported to be improved by regular exercise, this claim is largely unsubstantiated in populations without significant morbidities. There is strong evidence that regular exercise substantially improves QOL in populations with serious diseases, such as cancer 9 or chronic obstructive pulmonary disease, 10 but the data are not as supportive in populations without disease. Although many, but not all, epidemiological studies have found an association between exercise and QOL, the available data from intervention trials fail to consis-tently find a strong effect of exercise training on QOL. 11, 12 Furthermore, the data from intervention trials are difficult to interpret because of small sample sizes, inadequate control groups, and poor exercise compliance. In addition, many studies include a weight loss component, making it difficult to separate the benefits of weight loss from the benefits of increased exercise.
To our knowledge, there are no wellcontrolled, properly powered, randomized controlled trials (RCTs) examining the role of exercise in improving QOL among individuals without significant comorbidities. The Dose-Response to Exercise in postmenopausal Women (DREW) study was designed to examine the health benefits of 50%, 100%, and 150% of the National Institutes of Health Consensus Development Panel 13 physical activity recommendation among 464 sedentary, overweight or obese postmenopausal women with elevated blood pressure. The primary outcomes of cardiorespiratory fitness and blood pressure have been reported, 7 but data on a number of important secondary outcomes also were included a priori in the study design, in-cluding a QOL survey. 14 Given the relatively large sample size, very high compliance with a tightly controlled exercise intervention, and high participant retention rate, the DREW study provides an excellent opportunity to examine the effects of exercise on QOL. Identifying a doseresponse relationship between exercise and QOL could not only help determine minimum exercise thresholds for promoting QOL but also increase assurance that the exercise-induced benefits are not spurious or the result of chance alone. Therefore, the primary aim of this study was to examine changes in QOL across different doses of supervised exercise. We hypothesized that 6 months of structured, moderate-intensity exercise would significantly improve QOL in a dose-dependent manner.
METHODS

STUDY DESIGN
A complete description of the DREW study design and methods has been published elsewhere. 7, 14 In brief, the study was a randomized dose-response exercise trial with a nonexercise control group and 3 exercise groups assigned to incrementally higher doses of energy expenditure. Participants in the nonexercise control group were asked to maintain their baseline level of activity during the 6-month study period. The research protocol was reviewed and approved annually by The Cooper Institute Institutional Review Board.Writteninformedconsentwasobtainedfromallparticipants.
STUDY PARTICIPANTS
Thorough descriptions of the recruiting and screening processes, as well as the methods, have been previously published. 7, 14 Briefly, the study was limited to postmenopausal women aged 45 to 75 years who were sedentary (not exercising more than 20 minutes on 3 or more days a week and taking fewer than 8000 steps per day, assessed for 1 week), overweight or obese (body mass index [BMI] range, 25.0-43.0 [calculated as weight in kilograms divided by height in meters squared]), and had systolic blood pressure of 120.0 to 159.9 mm Hg. Exclusion criteria included history of stroke, heart attack, diabetes mellitus, or any medical condition that prevented participants from adhering to the protocol or exercising safely. Women with a score of 10 or more on the Center for Epidemiological Studies Depression scale 15 were excluded based on data from our laboratory indicating that these women have a greater probability of attrition and from other studies demonstrating that depressed mood is associated with attrition from exercise programs as part of weight loss programs 16 and cardiac rehabilitation. 17 Participants were recruited from the Dallas, Texas, area from April 2001 to June 2005.
OUTCOMES
Change in QOL was measured with the use of the Medical Outcomes 36-Item Short Form Health Survey (SF-36). 18, 19 The SF-36 is a self-administered 36-item questionnaire that measures physical and mental QOL. Physical QOL is measured with the following 4 scales: physical functioning, role limitations because of physical problems, bodily pain, and general health perception. Mental QOL also is measured with the use of 4 scales: role limitations because of emotional problems, social functioning, vitality, and mental health. The validity and reliability of the SF-36 have been established, and there are standardized norms available for comparative purposes. 18, 19 Participants' raw scores were converted into scale scores ranging from 0 to 100, with higher scores representing better QOL or higher functioning for all scales.
OTHER MEASURES
Maximal fitness testing was conducted using an Excalibur Sport cycle ergometer (Lode Medical Technology, Groningen, the Netherlands), and respiratory gases were measured using a metabolic measurement system (True Max 2400; ParvoMedics, Sandy, Utah). Weight was measured on an electronic scale (Siemens Medical Solutions, Malvern, Pennsylvania), and height was measured using a stadiometer. Smoking history, medical history, and medication use were assessed by responses on detailed medical history questionnaires. Blood pressure was measured using an automated blood pressure unit (model STBP-780; Colin Medical Instruments, San Antonio, Texas) with participants in the recumbent position. Detailed descriptions of the testing procedures are provided elsewhere. 7, 14 
EXERCISE TRAINING
Women were assigned to either a nonexercise control group or to groups that expended 4, 8, or 12 kilocalories per kilogram of body weight per week (KKW), which corresponds to 50%, 100%, and 150%, respectively, of current public health physical activity recommendations. 13 Smaller changes in study endpoints were expected in the 4-KKW group; therefore, randomization procedures were created to assign more participants to that group based on the recommendation of the study biostatistician. Exercising women participated in 3 or 4 training sessions each week for 6 months with training intensity at the heart rate associated with 50% of each woman's peak volume of oxygen consumed (V O 2 ). All exercise sessions were performed under observation and supervision in an exercise laboratory with standardized prescriptions for exercise dose and strict monitoring of the amount of exercise completed in each session. Participants were weighed each week, and their weight was multiplied by their exercise dosage to determine the number of calories to be expended for the week. Women in the exercise groups alternated training sessions on semirecumbent cycle ergometers and treadmills. Adherence to exercise training during the entire 6-month period was calculated for each individual by dividing the number of kilocalories expended during the exercise training by the number of kilocalories prescribed for the training period multiplied by 100.
PARTICIPANT RETENTION, ADHERENCE, BLINDED ASSESSMENT, AND RANDOMIZATION
A detailed description of procedures for participant retention, adherence, blinded assessment, and random assignment are provided elsewhere. 7, 14 To facilitate retention and adherence, participants completed a 2-week prerandomization run-in period and signed behavioral contracts in which they agreed to adhere to the study protocol. Participants were compensated a total of $150, $75 for completion of the baseline assessment and $75 for follow-up. An additional $350 in incentives was available based on adherence. Assessment personnel were blinded to treatment assignment, although blinded assessment was not possible for intervention personnel. Participants were reminded not to discuss their group assignment with the assessment team. Randomization assignment was computer generated and conducted by the statistician.
STATISTICAL ANALYSIS
Descriptive baseline characteristics of groups were tabulated as means and standard deviations or as percentages. Differences in baseline SF-36 scale scores among specific subgroups (ethnicity/ race, age, smoking status, marital status, antidepressant use, employment status, and BMI range) were evaluated using analysis of variance, with post hoc tests when appropriate. Dose-response effects were evaluated with regression analysis to test for trends in QOL change across groups with adjustment for prespecified covariates identified during the subgroup analysis. Differences in QOL change across groups were tested by analysis of covariance with adjustment. For statistically significant analyses of covariance (PϽ.05), pairwise comparisons between exercise groups and the control group were made using the Bonferroni correction for multiple testing. An ␣ level of .0167 (.05/3) was used because it was our a priori intention to compare only the differences between the exercise groups and the control group; hence, P values were multiplied by 3. Results are presented as adjusted least-squares means with 95% confidence intervals.
Analyses were limited to participants with baseline data. If the outcome value was missing for the participant, we inserted the baseline value for that outcome (ie, last observation carried forward). Any QOL values greater than 3 SDs from the mean were defined as outliers and eliminated. For exploratory purposes, all QOL outcomes were tested using only available data, without using baseline values carried forward for missing follow-up data. The results from these analyses did not differ substantially from the analyses with baseline values carried forward (the primary analyses); therefore, only the primary analyses are presented. All reported P values are 2-sided. All analyses were performed using SAS statistical software, version 9.1 (SAS Inc, Cary, North Carolina).
RESULTS
A total of 4545 telephone screening calls were conducted. Based on exclusion and inclusion criteria, 4081 potential participants (89.8%) were ineligible (Figure 1 ). After giving informed consent, 464 (10.2%) were randomized, of whom 432 (93.1%) had complete QOL data at baseline and 398 (85.8%) completed the study with 356 usable follow-up QOL surveys (76.7%). Baseline val- ues were carried forward for missing data or dropouts, so data from 430 of 464 participants (92.7%) were included in the primary analyses. In the 4-KKW group, 2 participants' data were eliminated due to being outliers.
The study population had a mean (SD) age of 57.4 (6.5) years and a mean BMI of 31.8 (3.8); 34.9% were nonwhite ( Table 1) . Almost 30% of the study population reported a history of depression, and 18.1% were taking antidepressant medication at baseline. Only 4.4% of participants were current smokers, and 76.5% were employed. Almost half the participants were using hormone therapy, and 15.1% were taking thyroid medication. With the exception of blood pressure, cardiovascular risk factors were within normal ranges. The mean baseline peak V O 2 was very low (15.4 [2.9] mL/kg/min) ( Table 2 ). Adherence to exercise was 95.4%, 88.1%, and 93.7% for the 4-, 8-, and 12-KKW groups, respectively, and each group spent 73.9, 138.3, and 183.6 min/wk exercising ( Table 2) .
The mean baseline QOL scale scores for the total population and by group are presented in Table 1 . At baseline, the DREW study sample had scores similar to the US population (Figure 2 ). 21 The mean QOL scores for the DREW study sample differed from the national mean by only 0.02 to 0.22 SD units, which are considered differences of small magnitude. 20 The mean baseline scores for QOL scales across specific subgroups are presented in Table 3 , and, although some comparisons had small sample sizes, these data demonstrate that we observed many of the expected QOL differences among groups. For example, QOL at baseline was lower on all scales among participants taking antidepressant medication compared with participants not taking such medication. In addition, employed participants reported better QOL on the physical functioning, role limitations because of physical problems, and bodily pain scales. Figure 3 summarizes the mean changes in SF-36 measures in the control and exercise groups. The positive linear trend across groups was statistically significant for all physical and mental QOL scales (all PϽ.001), and exercise dose was a significant independent predictor of change for all QOL scales (PϽ.001 to .04), except bodily pain (P=. 19 ). Therefore, a dose-response effect of exercise on QOL was noted for all aspects of QOL except bodily pain. The analyses of covariance indicated that for all physical and mental QOL scales except bodily pain (P=.32), the 12-KKW group had significantly improved QOL compared with the control group (PϽ.001 to .04). In addition, the 4-KKW group had significantly improved general health perception, vitality, and mental health compared with the control group (P=.01 to .04). All 3 exercise groups had significantly improved social functioning compared with the control group (PϽ.001 to .03). The analyses were conducted without the aforementioned covariates, and the results were virtually identical.
The mean changes in weight across the control, 4-KKW, 8-KKW, and 12-KKW groups were −0.94 (4.0), −1.34 (3.5), −1.86 (3.4), and −1.34 (2.9) kg, respectively, with no between-group differences. To examine the effect of weight loss on improvement in SF-36 measures, all analyses were repeated with additional adjustment for change in body weight. Weight change was a significant covariate in only 2 of 8 comparisons, and inclusion of this covariate did not have a meaningful effect on any of the mean values, significance, or trends across exercise groups. To further assure that weight loss was not responsible for the observed results, change in SF-36 scores across the exercise groups was examined with participants divided into those who lost weight and those who maintained or gained weight. Figure 4 summarizes the change in SF-36 scores across exercise groups for these subgroups. The P values for the treatment ϫ subgroup interactions for the SF-36 scales ranged from 0.07 to 0.95. These nonsignificant interactions indicate that the pattern of change in each of the SF-36 measures across the exercise groups was similar for those who did and did not lose weight.
All analyses were repeated with change in fitness as a covariate, and the conclusions from these analyses were not meaningfully affected. Change in fitness was also correlated with change in QOL, and only 2 of 8 correlation coefficients differed significantly from 0 and the size of the coefficients was small (physical functioning, r=0.11 and P=.02; role limitations owing to physical problems, r=0.12 and P=.02). These findings suggest that changes in fitness are not necessary to improve QOL when individuals increase physical activity.
To explore the effect of antidepressant use on the results, participants were grouped by antidepressant use (yes/no), and change in QOL among exercise groups was tested with an exercise group ϫ antidepressant use interaction. The interaction term was not significant for all 4 physical measures of QOL (P Ͼ.11), but it was significant for the role limitations because of emotional problems, social functioning, and vitality scales (mental health scale, P=.06). These findings and examination of group means indicated that participants in the nonexercise control group who took antidepressant medication experienced no increase in QOL during the trial, and for some mental health measures they experienced decreased QOL. Conversely, control participants who were not taking antidepressant medication experienced small increases in QOL during the trial.
COMMENT
The primary finding from this randomized controlled exercise trial was a significant, positive dose-response relationship between the amount of exercise performed and improvements in physical and mental QOL mea-sures. Although improved QOL is routinely cited as a benefit of regular exercise, data to support this claim are limited to conflicting epidemiological reports or studies whose participants were diagnosed as having major chronic diseases, such as cancer. Although not observed for all measures, it is of interest that even 4 KKW of exercise (approximately 74 min/wk) was associated with a significant improvement in QOL for several scales compared with the nonexercise control group. The improvements in QOL occurred at a modest training intensity (heart rate at 50% peak V O 2 ) and, as demonstrated by our low dropout rate and excellent adherence in all exercise groups to the 6-month caloric expenditure target, the exercise prescriptions were well tolerated by participants. As a consequence of randomizing more participants to the 4-KKW group, statistical power was sufficient to detect differences in QOL change between the control and 4-KKW group, but not the control and 8-KKW group, despite very similar effect sizes. However, the significant trend (regression) analyses confirm the dose-response effect. a Data are given as unadjusted fitted mean (standard deviation) unless otherwise indicated. P values for group differences were assessed by analysis of variance using Bonferroni correction. For pairwise comparisons within subgroups and SF-36 scales, means that differ significantly (P Ͻ.05) are noted with different superscripts (b, c, and d). For example, employed participants reported significantly better physical functioning, role limitations because of physical problems, and bodily pain aspects of quality of life at baseline compared with participants who were not working. Employed participants did not differ significantly from participants who were not working on any other SF-36 scales. . Similarly, significant LS mean differences (95% CI) between the 4-KKW and control groups were: GH, 3.9 (0.2-7.6); VT, 5.2 (0.5-9.9); SF, 4.9 (0.3-9.4); and MH, 3.8 (0.7-6.9). The 8-KKW group had significantly improved social functioning compared with the control group: 5.4 (0.4-10.4). Most cross-sectional studies have observed that higher levels of activity are associated with higher QOL scores, 12 particularly for physical aspects of QOL. 22 However, in one cross-sectional study, extended bouts of exercise were associated with poor QOL. 23 Prospective observational studies suggest that people who report higher levels of exercise also report higher QOL scores, at least among women. 24 Nevertheless, as in all observational studies, these findings do not imply causation, and it is easy to hypothesize that people with a higher perceived QOL are more like to be physically active or more likely to increase their level of exercise. To our knowledge, we are the first to demonstrate in an RCT that instituting a regular exercise program results in significant improvements in mental and physical QOL and that these improvements are sensitive to exercise dose, ie, dose dependent. The robust effect of exercise on mental QOL in the present study is of interest because cross-sectional studies find an association primarily between physical aspects of QOL and exercise. It is also of interest that physical activityinduced changes in QOL were independent of changes in fitness, suggesting that changes in fitness are not required for physical activity-induced improvements in QOL.
In an uncontrolled weight loss study that included exercise, weight loss and/or exercise were associated with improved QOL, 25 and a prospective observational study supports the hypothesis that weight loss among overweight women is associated with improved QOL. 26 The findings from the DREW study provide insight into the relative importance of weight loss in exercise-induced changes in QOL because weight loss in the DREW sample was small and did not differ significantly among groups. Moreover, exercise-induced improvements in QOL were independent of weight loss, and the magnitude of change in QOL was similar among those who did and did not lose weight. These results support the hypothesis that exercise in the absence of substantial weight loss can significantly improve physical and mental QOL.
The public health implications of our findings are significant. We are in the midst of a large shift in the demographic characteristics of the United States, and the proportion of Americans older than 65 years will grow dramatically during the next few decades. Although maximizing longevity is of great importance, maximizing QOL should also be a priority. Our findings suggest that increasing physical activity is an effective tool to improve QOL. Increasing exercise, particularly as individuals age, has many health benefits, such as a reduction in cardiovascular disease risk factors. 7, 8 Our results indicate that improved QOL can be added to the list of exercise benefits and that these improvements are dose dependent and independent of weight loss, at least among people similar to this study's sample.
The study has limitations because the sample included only sedentary, overweight or obese postmenopausal women at risk for cardiovascular disease. Therefore, we do not know whether the results will apply to other women or men. Nevertheless, the study sample was a group that would likely benefit from exercise training and represents a sizeable proportion, probably a majority, of US women aged 45 to 75 years. Furthermore, although baseline SF-36 scores were similar to the na-tional mean, baseline QOL scores were high, yet we were able to detect significant improvements in QOL. Because participants assigned to incrementally higher doses of exercise spent more time exercising at the center, they had more contact with study personnel, and this contact could have influenced QOL. However, in the only other RCTs testing whether exercise affects QOL, 11 the amount of contact between study personnel and participants varied systematically among the study groups yet no consistent effect of exercise on QOL was found, suggesting that contact with study personnel has little effect on QOL. Last, the DREW study was not designed specifically to evaluate the effect of exercise on QOL. However, QOL measures were preplanned secondary outcomes, and this RCT provides compelling evidence of the dose-response relationship between exercise and improved QOL.
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